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0 Organic polymeric material and ion^change membrane produced therefrom. 



0 A homogeneous blend which comprises from 5 to 95% by weight, preferably at least 40% by weight of at 
least one fluoropolymer which contains Ion-exchange groups and from 95% to 5% by weight preferably not 
more than 80% by weight of at least one fluoropolymer which Is substantially free of ion^xchange groups. TTie 
^homogeneous biend may be pnxluced by melt processing the fluoropolymers and a major application of the 
^^homogeneous blend Is as an Ion-exchange membrane. The presence of the fluoropolymer substantially free of 
^ion-exchange groups In the homogeneous blend leads to an Improvement in physical and mechanical properties 
fQOi the Ion-exchange membrane, and to an Improved performance of the membrane In electrolysis. 
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ORQANIC POLYMERIC MATERIAL ANO ION-EXCHANGE MEMBRANE PROOUCEO THEREFROM. 



This Invention relates to an organic polymeric material and to an Ion-exchange membrane produced 
therefrom, particularly to an Ion-exchange membrane which t9 useful In an electrochemical cell. 

Ion-exchange membranea made from organic polymeric materials having lon-exchange properties are 
used in a wide variety of applications, and the variety of applications of such membranes continues to 
Incroasa. Such polymeric materials and membranes may contain fixed anionic groups and associated 
cations and be capable of exchanging cations, or they may contain fixed cationic groups and associated 
anions and thus be capable of exchanging anions, or the polymeric materials and the membranes may 
contain both fixed anionic groups and fixed cationic groups. 

Ion-exchange membranes are useful in separation processes such as reverse osmosis and ultra 
filtration. For example, they find wide application In the desalination of sea<^ater and In the purification of 
braclclsh water and industrial effluent Ion-exchange membranes are also finding many applications in 
Industry, for example, in the concentration of solutions of, fbr example, fruit Juices and pharmaceutfcais. 

Ion-exchange membranes which are essentially hydraullcally Impermeable but which are permeable to 
solvated cations or anions, or both, are finding increasing appflcations in electrochemical ceils, for example 
in fuel cells. In electrolytic cells In which an electrolyte is electrolysed, and in electrochemical cells in which 
electrosynthesis is carried out In recent years a major development has been In the use of cation-exchange 
membranes In chlor-ailcafl cefls In which chlorine and aqueous alkali metal hydroxide solution are produced 
by the electrolysis of aqueous allcall metal chloride solution. In such a chlor-alloli cell a cation-exchange 
membrane Is positioned between an anode and an adjacent cathode. Where an aqueous alkali metal 
chloride sohitfon is electrolysed In an electrolytic ceil of this type the solution is charged to the anode 
compartments of the ceU and chtorine produced In the electrolysis and depleted alkali metal chloride 
solution are removed from the anode compartments, hydrated alkali metal ions are transported across the 
membrane from the anode compartments to the cathode compartments of the ceil to which water or dilute 
alkali metal hydroxide solution is charged, and hydrogen and alkali metal hydroxide solution produced by 
the reaction of alkali metal Ions with water are removed from the cathode compartments of the cell. 

Although many organic polymeric materials have been proposed for use as membranes in such chkjr- 
alkali cells perfiuoroorganic polymeric materials containing ion-exchange groups, particulariy fixed sulphonic 
and carboxyllc groups, have found favour in such cells fn recent years on account of the chiemk:ai stability 
of perfiuoroorganic polymeric materials In the corrosive chemical environment encountered in such ceils, 
particularly chemical stability to wet chlorine and to chlorine-containing aqueous alkali metal halkle solution 
and aqueous alkali metal hydroxide solution, which may .typically be at temperatures in the region of 90* C. 

An example of a perfiuoroorganic polymeric material containing Ion-exchange groups is the perfiuoroor- 
ganic polymer containing sulphonic groups described in QB patent 1034197. The perfiuoroorganic polymer 
may, for example, contain units having the structures 

-CFa-CP,- 
and * -CF,-CP- 

I 

(OCF,CFY)nOCF,CFRfSOaM 



where R, is fluorine or a perfluoroalkyi group having from 1 to 10 carbon atoms, e.g. a perfluoromethyl 
group, n is 1. 2 or 3. Y is fluorine or a trifluoromethyi group, and M is fluorine, a hydroxyl group, an amino 
group, or a group having the formula -0 Met where Met Is an alkali metal or a substituted or an 
unsubstituted ammonium group. The appHcation of such a perfluoroorganfc polymer as an lon-exchange 
membrane In a chlor-alkall cell is described in QB Patent 1402920. lon-exchange membranes containing 
such perfiuoroorganic polymers are sold under the trade name 'Nafion' by E I DuPont de Nemours Inc. In a 
preferred perfiuoroorganic polymer of the above structure Y Is CF3, n is 1 and Rf Is F. 

A further example of a perfiuoroorganic polymeric material containing lon-exchange groups is th 
perfiuoroorganic polymer containing carboxylic groups described, fbr example, in GB Patents 1516048 and 
1518387. Examples of such perfiuoroorganic polymers include copolymers of tetrafluoroethyiene and 
CFa ■ CF 0 CFa CFa CF2 COX, 
CFa « CF 0 CFj CF (CFj) 0 CF2 CFa CFa COX 
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Of 2 - CF 0 (CFzh O CF (CFa) COX. 
CFj - CF 0 (CF2)* 0CF(CF3) COX, and 
CF2 ■ CFO CFa CF(CF3) OCFj CFjCOX 

where X Is, for example, fluorine, a hydroxyl group, an oxyaikyi group, or a group having th formula CM. 
where M Is an alkali metal or a quatennary ammonium group, lon-exchang membranes containing such 
perfluoroorganic polymers are soW under the trad name 'Remlon' by Asahl Glass Co Ltd. 

Many different types of perfluoroorganic polymeric materials and combinations thereof for use as Ion- 
exchange membranes in chior-alkait cells have been proposed and those refen-ed to above have been 
referred to merely by way of example. Furthermore, the Ion-exchange membranes which have been 
proposed have taken a variety of different fbnns. For example, the Ion-exchange membrane may be In the 
form of a multHayer laminate of whtoh many examples have been described. Thus, in published Japanese 
Patent Application 88 004G18 there Is described a multilayer laminated cation-exchange membrane whfch 
comprises at least two layers and which includes an 80 to 300 micron thick first layer of a perfluorocartDon 
polymer having carboxyllc kan^exchange groups and an ion-exchange capacity of 0.9 to 1.6 meq/g of dry 
19 resin and a 5 to 50 micron thick second layer of a perfluorocarbon polymer having sulphonic ion-exchange 
groups and an Ion-exchange capacity of 0.5 to 1.5 meq/g of dry resin. Published Japanese Patent 
Application 84 124524 desottses an ion-exchange membrane which is reinforced with perfluoropoiymer 
fibres, and It specifically describes a teno ctoth of polytetrafluoroethylene yam laminated with a film of a 
copolymer of tetrafluoroethylene and CFj »CFO (CF2)3COOCH3. Ion-exchange membranes have also been 
described which comprise a blond of fluoropolymers which contain different ion-exchange groups. For 
example, published Japanese Patent Application 87 53341 describes a laminate of a 110 to 300 micron 
thick film of a blend of a fluoropolymer containing sulphonic groups and a fluoropolymer containing 
carboxyllc groups and a 5 to 75 micron thick film of a fluoropolynrwr containing cartjoxyflc groups. Ion- 
exchange materials have also been described which are a blend of fluoropolymers containing ton-exchange 
25 groups and fluoropolymers which do not contain ion-exciiange groups. For example In USSR patent 442190 
there is desalbed a blend of nibber-like fluorocopolymer and a tetrafluoroethylene-perfluoro-2{2-fluo- 
rosulphonylethoxy)- propyMnyiether copolymer. In an example powdered sulphonylethoxy copolymer is 
added to a vinylldane fluoride^erfluoro-(methylvlnyl) ether copolymer at 60* C and then mbced on rollers to 
form a film. 

The present Invention relates to an organic polymeric material, and to an Ion-exchange membrane 
produced therefrom, which comprises a blend of at least one polymeric material which contains Ion- 
exchange groups or groups convertible thereto and at least one polymeric material which Is substantially 
free of ion-exchange groups. The invention is based on the observation that the blend of organic polymeric 
materials, when used in the fbnn of an ion-exchange membrane Is particularly effective in preventing 
hydraulic transfer of electrolyte between the anode compartments and the cathode compartments of an 
electrolytic ceil In which the membrane is Installed, when compared with the perfbmiance of a membrane 
made solely from the polymeric material which contains ion-exchange groups or groups convertible thereto. 
The ion-exchange membrane made from the blend of polymeric materials fs thus particularly effective In 
ensunng production of a high purity product of electrolysis. For example, when the ion-exchange membrane 
is Installed In an electrolytic ceil In which aqueous alkali metal chloride solution is electrolysed it is fbund 
that the concentration of chloride ion in the alkali metal hydroxide solution which is produced In the cathode 
compartments of the cell Is very low, and in particular is substantially less than Is the case where the ion- 
exchange membrane which Is used does not comprise a polymeric material which is substantially free of 
Ion-exchange groups. Furthermore, the presence of the latter polymeric material in the blend, and in the 
lon-exchange membrane produced therefrom, has a beneficial effect on many of the physical and 
mechanical properties of the polymeric material and of the membrane, and It may also serve to cheapen 
the polymeric material and the ion-exchange membrane, depending of course on the choice of polymeric 
material whteh does not contain ion-exchange groups and on the proportion thereof in the blend. 

According to the present invention there is provided a homogeneous blend of organic polymeric 
materials which comprises from 5% to 95% by weight of at least one fluoropolymer which contains Ion- 
exchange groups or groups convertible thereto and from 95% to 5% by weight of at least one 
fluoropolymer which la substantially free of Ion-exchange groups or groups convertible thereto. 

By homogeneous blend there Is meant an intimate mixture such as may be formed, for example by 
melt blending the fluoropolymers. that Is by mixing the fluoropolymers at or above a temperature at which 
both fluoropolymers are In a fluid/molten state, or by blendng the fluoropolymere In a solvent in which both 
fluoropolymers are soluble, and thereafter separating the blend of fluoropolymers from ttie solution. A 
homogeneous blend of the type of the present invention is not fomied for exampi merely by forming a 
mixture of ttie solid fluoropolymers in particulate form. Nor is a homogeneous blend formed, for example. 
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by adding one fluoropoJymer In a solid particulat form to a band of an elastomeric fluoropolymer formed 
on the rolls of a Nvirwoll mill under cond^ons where th former fluoropolymer remains In solid partio^ata 
form. 

In the homogeneous bl nd of th present Invention at least one of the fluoropolymers contains lon- 
s exchange groups or groups convertible thereto. As will be described In more detail hereafter groups of the 
latter type are groups which are not themselves capable of effecting Ion-exchange but which may be 
converted e.g. by hydrolysis, to groups which are capable of effecting Ion-exchange. For simplictty, and 
unless the context dictates othenivlse. both of these types of group will be referred to hereafter as ion* 
exchange groups. 

70 In the homogeneous blend at least one of the fluoropolymers Is substantially free of Ion-exchange 
groups. Whilst this latter fluoropolymer may contain no ion-exchange groups it would be unduly limiting on 
the scope of the Invention to spedfy that this fluoropolymer necessarily does not contain any ion-exchange 
groups. However, the proportion of such groups. If any, In the fluoropolymer. is very small such that the 
fluoropolymer alone is effectively not capable of acting as an ion-exchange material. For example, the 

16 fluoropolymer may be entirely free of Ion-exchange groups or, If such groups are present they may be 
present in an amount of less than 0,2 milfiequivaients (meq) of such groups per gram of dry fluoropolymer. 

The homogeneous blend of fluoropolymers of the Invention will have many applications but the major 
applications will be those in which use is made of the ion-exchange properties of the blend. However, the 
homogeneous blend Is not limited to use as an Ion-exchange material and the blend may be used as a 

20 plastic material, and depending on Its properties, as an elastomeric material. 

The beneficial effect which results from use of the homogeneous blend as an Ion«exchange menrtbrane, 
namely the production of high purity products of electrolysis, and the benefidal effect on the physical and 
mechanical properties of the polymeric material and of the ion-exchange membrane, aro dependent to 
some extent at least on the relafive proportions of tiie fluoropolymer which cont^ns ion-exchange groups 

25 and of the fluoropolymer which is substantially free of ten-exchange groups In tiie homogeneous blend, and 
specific banefldai effects may be produced, or may be optimised, by use of particular proportions of tiiese 
fluoropolymers. Specific physical and mechanical properties of a fluoropolymer containing Ion-exchange 
groups, and of a membrane produced ttierefrom, which may be modified by inclusion of a fluoropolymer 
which is substantially free of ion-exchange groups in ttie homogeneous blend include increased tear 

30 strength (see Example 3). Increased elastic modulus, elongation at break and toughness (Example 4). 
reduction in swelling of a membrane when contacted with an electrolyte tiius at least reducing the 
undesirable wrinWing of the membrane which may take place on contact with an electrolyte (Example 5). 
modification of ttie melt viscosity of tiie homogeneous blend so tftat it is possible to match tfie melt 
viscosity of tiie homogeneous blend wHh ttiat of a different polymeric material. e.g. a different fluoropolymer 

35 containing ion-exchange groups, witfi which it may be desired to co-process, e.g. co-extrude, tiie blend thus 
facilrtating tiie co-processing (Example 6). and Increased strengtti of tfie bond between laminated sheets 
produced from homogeneous blends (Example 7). Specific physical and mechanical properties of a 
fluoropolymer which Is substantially free of Ion-exchange groups which may be modified by Inclusion of a 
fluoropolymer which contains ion-exchange groups in tf^e homogeneous blend include Increased surface 

40 wettability (see Example 8), reduced tiienmal creep, and modified melt viscosity which may aid co- 
processing with a different polymeric material. 

A major application of ttie homogeneous blend Is as an Ion-exchange membrane, or as a part tfiereof. in 
which ttie blend is in tfie form of a sheet or film or Is in tiie form of one or more of tiie layers of a sheet or 
film which itself comprises a plurality of layers. 

45 Application of tiie homogeneous blend as an ion-exchange membrane will depend inter alia on tiie 
proportion of fluoropolymer containing ion-exchange groups In tiie blend.as will be discussed hereafter. 

The homogeneous blend of fluoropolymers may be In ti^e fbrm of a sheet or film having a tiiickness In 
tiie range of for example 50 to 500 microns, or it may be in tfie fbrm of a layer of tiiickness in ttie range for 
example 25 to 250 microns, or 1 to 25 microns if cast from a solution of flie blend, in a membrane which 

50 Itself Is in tfie fbrm of a sheet or film comprising a plurality of layers. 

In a furtiier embodiment of tfie invention tfiere is provided an electrolytic cell which comprises at least 
one anode and at least one catiiode in which each anode and adjacent catiiode are separated by an Ion- 
exchange membrane which comprises a homogeneous blend of fluoropolymers of tiie Invention. The 
electrolytic cell may. for example, be of tiie monopolar or bipolar type and it may take a variety of fomns. 

55 A large number of different types of membran electrolytic cells have been described and are welt- 
known in tfie art and tiie precise construction of tiie electrolytic cell does not form part of tiie present 
Invention. Indeed, as such electrolytic cells are well-known furtiier description Is not necessary. 

The homogeneous blend of fluoropolymers may be prepared in a variety of different ways provided tiiat 
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the required homogeneous bt nd Is produced. However, a preferred m thod of producing the homogeneous 
blend Is by melt-blending of the fluoropolymers. and thus It is preferred that botii the fluoropolymer 
containing lon^xchange groups and the fluoropolymer which is substantially free of Ion-exchange groups 
are capable of being molted to a liquid state. A homogeneous blend of the fluoropolymers could not be 
fomted by melt blending If one or both of the polymers was not capable of being melted. The melt-blending 
may be effected by any suitable plastics processing techniques, for example, by forming a mixture of the 
solid fluoropolymers. charging the mixture to an extruder, preferably to a screw extruder, heating the 
mixture In the extnjder to a temperature at which both fluoropolymers are fluid/molten, and extruding the 
mixture from the extruder through a suitably shaped die. Increasing homogeneity of the blend may be 
achieved by repeated extrusion of the blend. As the fluoropolymers may tend to be themially unstable, 
particularly at temperatures which are substentlally above the optimum melt processing temperatures of the 
fluoropolymers. It is preferred that the fluoropolymer containing Ion-exchange groups and the fluoropolymer 
which Is substantially free of Ion-exchange groups have optimum melt processing temperatures which differ 
by not more than ISO* C. more preferably by not more than 100* C. K Is preferred that the melting points of 
the fluoropolymers differ by not more than 150* C, more preferably not more than 100* C, 

The homogeneous blend of fluoropolymers may be formed by dissolving both fluoropolymers In a 
common solvent and depositing the blend from the solution, for example by casting the solution Into a film 
and causing or allowing the solvent to evaporate, or by mixing the solution with a non-solvent for the 
fluoropolymers. The solvent may be a mixtura of two or more different liquids and the sefection of a suitable 
solvent will of course depend on the nature of the fluoropolymers which It Is desired to form Into a 
homogeneous blend. 

The homogeneous blend may be produced by blending the fluoropolymers in the form of an emulsion 
of the fluoropolymers in a liquid medium and separating the blend by coagulation. The thus formed blend 
may then, for example, t)e formed Into a membrane by meit-processing techniques 

It Is prefened that one or other, and more preferably both, of the fluoropolymer containing ton-exchange 
groups and the fluoropolymer which Is substantially free of Ion-exchange groups are perfluoropolymers, as 
a homogeneous blend of such perfluoropolymers has a superior resistance to chemical attack by the 
chemical media with which the homogeneous blend may come into contact during use. For example, where 
the homogeneous blend is used In the torn of an Ion-exchange membrane In a chlor-alkali ceil a 
homogeneous blend of perfluoropolymers has Increased resistance to chemical attack by the wet chtorine. 
by the chlorine-containing aqueous alkali metai halide solution, and by the aqueous aikafl metal hydroxide 
solution in such a ceil. 

The fluoropolymer which contains ton-exchange groups may contain fixed catlonic groups, that la 
catlonte groups linked to the fluoropolymer, and an associated anion. In which case the fluoropolymer will 
be an anion-exchange material. Alternatively, the fluoropolymer may comprise fixed antonic groups and an 
associated cation in which case the fluoropolymer will be a cation-exchange material.' Materials of the latter 
type are generally more useful. It is also possible that the fluoropolymer may comprise both fixed catlonto 
and fixed anionic groups, and associated antons and cations respectively, such that the fluoropolymer will 
•function both as an anion-exchange material and as a cation-exchange material 

Suitable cation-exchange groups. Including groups convertible thereto, include groups of the sulphonic, 
carboxyllc and phosphonic type. 

For example, the group may have the sfructure -SOjX, where X is OM and where M is H, or alkali 
metal, eg. sodium or potassium, or an ammonium or quaternary ammonium group. Alternatively, X may be 
hatogen. e.g. fluorine, in which case the group - S02X Is not itself capable of ion-exchange. The latter group 
may be hydrolysed In order to convert it to a group which is Itself capable of effecting Ion-exchange. The 
group may have the stnjclure -COY where Y Is OM and where M is H. or alkali metal, eg. sodium or 
potassium, or an ammonium or quaternary amnrK)nium group. Alternatively, Y may be halogen, eg. fluorine, 
or it may be an oxyalkyi group. In which case the group -COY Is not itself capabte of effteting lon^ 
exchange. The latter group may be hydrolysed In order to convert It to a group which Is ttself capable of 
effecting Ion-exchange. Another suitable group which may be converted to an ion-exchange group, e.g. by 
hydrolysis, Is the group -CN. Where the fluoropolymer containing ton-exchange groups is to be melt 
processed care may need to be exercised In selection of the ton-exchange groups on the fluoropolymers. 
Thus fluoropolymers containing groups -SQ2X where X Is halogen, particulariy F, are readily melt 
processabto whereas In the case where X Is OM and M is hydrogen or alkali metai the fluoropolymer is not 
as readily melt processable. Where the fluoropolymer contains ion-exchange groups -COY Y is preferably 
hatogen or oxyalkyi in the case where the fluoropolymer is to be melt processed. 

SuitabI anton-exchange groups, or groups convertible thereto. Include a group comprising quaternary 
ammonium. e.g. a group -N(alkyl)4X where X is a halog n, eg. -CH2N(CHa)3*a- and the group -CHa-NH- 
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CH2CH2N(CH9)3^Cr , or th corresponding groups which are conv rtible to ammonium groups, that Is 
-CHaNCCHsh and -CH2-NH-CH}CH2-N(CH3)2. Many different types of fluoropolymer containing ion-ex- 
Chang groups have been described. The fluoropolymer may be a copolymer of a fluoro-olefme. e^. 
tetrafluoroethylane. and an ethylenicaily unsaturated fluorine-containing monomer which contains an Ion- 
exchange group. Th latter ethylenicaily unsaturated morwmer may hav the structure 
CFa » CF-A-Z 

where A Is a direct link or a dh^alent group and Z is or comprises an ion-exchange group. The group A may 
be an alkylene gmup, fbr example -<CF2)n. where n Is an integer, or such an alkylene group In which one or 
more of the fluorine atoms are substituted by alkyi groups. The group A may be an oxyaOcylene group, fbr 
example a group [0(CF2)nI m where n and m are integers, which may be the same or different, and In which 
n is generally 2 and m is generally 1 to 3, or the latter group in which one or more of the fluorine atoms are 
substituted by alkyl groups, fbr example, fluoroailcyl groups, e.g. perfluoroalkyi groups. Where m is more 
than 1 the valuea of n In the separate groups *0(CF2)m- may be the same or different Merely by way of 
example the divalent group may be 
•O CFa CFa- 
•0 CFj CFj CF2- 

-0 CFa CF (CF,) 0 CF, CFa CFa- 

-O {OFih 0 CF (CFih 

-0 (CF2)* 0CF(CF3>. 

-0 CFa CF(CF3) OCFj CFa- 

The homogeneous blend of the Invention may contain more than one fluoropolymer containing ion- 
exchange groups* and the latter fluoropolymers may contain ion-exchange groups which are the same or 
different 

A very large number of fluoropolymers containing Ion-exchange groups have been described In recent 
years and, wHhIn the general constraints hereinbefore refen^ed to, the fluoropolymer containing Ion- 
exchange groups In the homogeneous blend of the invention may be any one or more suitable such 
liuoropolymers. 

The homogeneous blend of the invention comprises one or more fluoropolymers which are substantfaily 
free of ion-exchange groups. Examples of suitable such fluoropolymers Include fluorinated ethylene- 
propylene copolymer, a copolymer of tetrafluoroethylene and hsxafluoropropylene. polyvinylidene fluoride, 
an ethylene-tetrafluoroethylene copolymer, and a tatraRuoroethyieneiaerfluorinated aUeyl vinyl ether 
copolymer. 

In the homogeneous blend of the Invention it Is dearly desirable that where the blend is to be used as 
an lon^exchange material the blend should have an ion-exchange capacity which is sufflciently high that the 
blend can act as an ion-exchange material. The ion-exchange capacity of the homogeneous blend will be 
governed by the ion-exchange capacity of the fluoropolymer containing Ion-exchange groups which is 
present in the blend and the proportion of the latter fluoropolymer In the blend. 

The fluoropolymer containing Ion-exchange groups may, fbr example, contain as little as 0.5 meq of 
ion-exchange groups per gram of dry fluoropolymer. or as much as 8 meq g~\ Where the Ion-exchange 
capacity of the fluoropolymer containing ion-exchange groups Is low the homogeneous blend should contain 
a substantial proportion of this fluoropolymer if the homogeneous blend Is itself to have an acceptable ion- 
exchange capacity. On the other hand, where the Ion-exchange capacity of the fluoropolymer containing 
ion-exchange group Is high then the homogeneous blend may itself have an acceptable Ion-exchange 
capacity even where the blend contains only a low proportion of the latter fluoropolymer. It is prefenred, 
where the homogeneous blend Is to be suitable for use In Ion-exchange applications, that the blend has an 
ion-exchange capacity in the range 0.5 to 5.0 meq g*\ more preferably in the range 0.8 to 2.0 meq g'K 

The homogeneous blend may contain, for example, from 15% to 95% by weight of at least one 
fluoropolymer which contains iotvexchange groups and from 85% to 5% by weight of at least one 
fluoropolymer which Is substantially free of ion-exchange groups. However, the proportions of these 
fluoropolymers In the homogeneous btend will depend to some extent on the Intended use of the blend. For 
example, where the homogeneous blend Is to be used as an Ion-exchange membrane in an electrochemical 
ceil the membrane must not only have an acceptable ion-exchange capacity it must also be sufRdently 
electrfcally conductive when used as a membrane. For this latter reason it Is prefenred that the homo- 
geneous blend when In the form of an Ion-exchange membrane, comprises at least 40% by weight of at 
least one fluoropolymer which contains lon-exchang groups, mora praferably at least 60% by weight and 
correspondingly not more than 60%, more preferably not more than 40%, by weight of at least one 
fluoropolymer which is substantjaily fre of ion-exchange groups. 

On th other hand, where th homogeneous blend Is to be used In an application other than as an Ion- 
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exchange membrane, the biend may comprfse a proportion of the fluoropolymer which ie subetantially free 
of ion-exchange groups near th upper end of the range 5% to 95% by weight atthough the proportion of 
this fatter fluoropoiymer wili depend on the particular intended use of the blend. 

In generaJ the proportions of fluoropoiymer containing ion-exchange groups to fluoropoiymer substar>- 
s tlally free of lon-exchang groups In the homogeneous blend will vary over a range 20% to 80%:80% to 
20% by weight 

ir desired the honrrageneous blend of the Invention, particularly when in the form of a sheet or film 
suitable for use as an ion-exchange membrane, may be reinforced. e.g. with a net or mesh or fibrils of a 
fluoropoiymer. e.g. of polytefrafluoroethytene or of tefrafiuoroethyiene-hexafluoropropylene copolymer. 
70 The invention is illustrated by the following examples. 



Example 1 

19 

Production of Fluoropoiymer containing lon«exchange Groups. 

A S litre capacity autoclave was evacuated and charged with 2.51 of deionlsed water, 14.3g of 
ammonium perfluorooctanoate, and 400g of a perfiuorovinyl ether having the structure 

ao CF2»CF-OCF2CF(CF3H)-CFaCF2-S02F. 

The autoclave was purged with nitrogen, the contents of the autoclave were ti>oroughly agitated, ZBg of 
ammonium persulphate initiator as a solution in 100 ml of deionlsed water were added to the emulsion 
which had been formed by agitation, and the autoclave was re-evacuated. Tetrafluoroethylene gas was 
charged to the autoclave up to a pressure of 8 bar g, the autoclave was heated to 70*C. and turther 

M tetrafluoroethyiene was added to maintain the pressure at 7 bar g. After 1.5 hours agitation was stopped, 
the autoclave was vented, and the contents of the autoclave were cooled and removed. The resultant 
emulsion of fluoropoiymer was allowed to stand and was then separated from unreacted perfluorovinylether, 
the fluoropoiymer was coagulated by cooling the emulsion to a temperature of -30 *C, the fluoropoiymer 
was isolated by filtration and the fluoropoiymer was washed with deionlsed water, and then dried in vacuum 

30 at 70 * C and recovered In powder form. 

A portion of the dried fluoropoiymer powder was pressed at 230* C into the form of a clear film and the 
film was then immersed in a mixture of 75 mt of 32% by weight aqueous sodium hydroxide solution and 25 
ml of methanol at 70* C for 16 hours in order to hydrotyse the groups -SOsF to -SOalMa The proportion of 
the groups -SOiNa in the film was estimated by titration. The equivalent weight of the fluoropoiymer 

X containing the groups -SOiNa In the film was 1230 (ion-exchange capacity 0^1 meq and thus the 
equivalent weigitl of. the fluoropoiymer containing the groups SOaF was also 1230, which corresponds to a 
copolymer containing 64% by weight of units derived from tetrafluoroethyiene and 36% by weight of units 
derived from the perfluorovinylether. 

40 

Production of Fluoropoiymer Biend 

75g of a fluoropoiymer as produced at>ove in powder tbrnn, and 75g of a copolymer of 
tetrafluoroethyiene and hexafluoropropylene (Teflon FEP100 made by El Du Pontde Nemours Inc) in the 

48 form of 2mm long by 2 mm diameter chips were mixed and agitated and charged to a screw extruder, 
heated in the barrel of the extrxider, to a temperature of 320* C, and extruded through a 2 mm diameter die 
which was heated to a temperature 300* C. The extrudate was cut Into 3 mm lengths and re-extruded under 
the same conditions, and the cutting and extrusion procedure was repeated once more except that in this 
final extrusion the temperature of the die was 313*0. 

so The fluoropoiymer blend extrudate was cut into 4 mm lengths and charged to a compression mould, 
heated to 280* C over a period of 5 minutes, pressed at this temperature, and finally cooled to ambient 
temperature over a period of 5 minutes. A dear and smooth micron thicfc film was removed from the mould 
(Membrane A). 

The SQif groups in the film were hydroiysed to -SOaNa groups by immersing the film in a mbcture of 
58 75mi of a 32% by weight aqueous sodium hydroxide solution and 25ml of methanol at 70* C for 16 hours. - 
After removal from the solution the film was washed in deionlsed water and dried The equivalent weight of 
the the fluoropolym r blend of the film was 2400 (ion-exchange capacity 0.42 meq g*"'). 

A second film was produced by compression moulding following the above procedure except that the 
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fiim had a thickneaa of 140 microns (Membrane 6). 



Example 2 

Production of Fluoropolymer containing ion-exchange Groups 

A fluoropolymer containing Ion-exchange groupa was produced following the procedure described In 
10 Example 1 except that 15.0g of ammonium perfluorooctancate were used and the equivalent weight of the 
fluoropolymer which was produced was 940, (ion-exchange capacity 1.06 meq g*^). conesponding to a 
copolymer containing 53% by weight of units derived from fetrafluoroettiylene and 47% by weight of units 
derh^ed from the perfluorovinyl ether. 

15 

Production of Fluoropolymer Blend 

The procedure of Example 1 was followed except that 14dg fluoropolymer produced as described 
above and, In place of the tetrafluoroethylene-hexafluoropropylene copolymer of Example 1. 149g of 
20 polyvinyildene fluoride (Solef PVdF 1008 made by Solvay) were used, resultant mixtures where extruded 
twice, the temperatures of the barrel of the extmder were 240* C and 210* C« and the die temperatures of 
the extruder were 240* C and 200* C In the first and second extrusions respectfvely. and in producing a film 
by compression moulding a temperature of 100* C was used. 

The equivalent weight of the fluoropolymer blend of the film was 1900 (ion-exchange capacity 0.53 meq 



Fluoropolymer Blends as ton-exchange membnpies. 

30 Evaluation was carried out In an electrolytic cell equipped with a titanium mesh anode the surface of 
which had a coating of a solid solution of 35% by weight RuOa and 05% by weight TiOa, and a nidcel 
cathode comprising a series of parallel vertical blades, the fluoropolymer film being positioned as a 
membrane between the anode and cathode and In contact therewith. In the evaluation an electrolyte of a 
saturated aqueous solution of either sodium chloride or potassium chloride was charged conttnuously to the 

as anode compartment of the ceil and water was charged continuously to the cathode compartment of the cell 
and chlorine and depleted solution were removed continuously from the anode compartment and hydrogen 
and a 20% by weight aqueous solution of eitiiar sodium or potassium hydroxide were removed continuously 
from the cathode compartment The cell temperature was maintained at 88*C and electrolysis was 
conducted at a constant current density of 3lcAm~2. 

40 Results of the evaluation in the electrolytic cell of the membranes designated A and B. and for ttie 
purposes of comparison, results of the evaluation of three membranes outside the scope of the invention 
are given In the accompanying Table 1. 
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TABLE 1 
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Electrolyte 


Membrane 


Current 
Effldency* % 


Cell 
Voltage 

VOliS 


Naa(or KCI) NaOH (or 
KOH) solution ppm (w/v) 


Duration of 
Qectrolysis days 


NaCt 






34 






NaCl 


e 


64 


3^ 


16 


30 


NaCI 


Comparison 1 


64 


3^ 


>200 


80 


Naa 


Comparison 2 


72 


Z2. 


>200 


60 


KQ 


A 


93 


4.5 


1 


10 


KCI 


Comparison 3 


93 


3^ 


20 


30 



a. For production of 20% by weight NaOH or KOH. 

Comparison 1. 230 micron ttiick film produced from a fluoropolymer containing ion-exchange groups 
produced as described In Example t. 

Comparison 2. 120 micron thicic film produced from a fluoropolymer containing ion-exchange groups 
20 produced following the procedure as described in Example 1 and having an equivalent weight of 1490. 
Comparison 3* 230 micron thick fi(m produced from a fluoropolymer containing ion-exchange groups 
produced following the procedure as described In Example 1 and having an equivalent weight of 1340. 



These results indicate tfiat use of a blend of a fluoropolymer containing ion-exchange groups and a 
fluoropolymer which does not contain ton-exchange groups as an Ion-exchange membrane results in much 
improved chloride Ion rejection during the electrolysis of aqueous allcaii metal chloride solution. 



_ Example 3 
30 — — - 

The polymerisation procedure of Example 1 was followed to produce a copolymer of tetrafluoroethyiene 
and CFa ■CF-OCFaCF(CF3)OCFaCF2S02F having an equivalent weight of ttie groups -SOaF of 1150. 

The blending procedure of Example 1 was followed to produce tinree blends (A, B and C) of, 
^ respectively. 75g. 60g and 50g of ttie copolymer referred to above and 25g. 40g and 50g of ttie copolymer 
of tetrafluoroetttylene and hexafluoropropyiene as used In Example 1, and each blend was compression 
moulded Into a flim of ttilckness approximately 200 microns at a temperature of 225* C fbr samples A and 
B and at a temperature of 240* C for sample C. 

For tile purposes of comparison films of the copolymer of tetrafluoroethyiene and CFj aCF-OCFiCF- 
^ (CFa)0CFaCF2S0aF (D) and. of ttie copolymer of tetrafiuoroetfiylene and hexafluoropropylene (E) of 
approximate thickness 200 mtorona were also produced by pressing at 210* C and 280* C respectively. 

Sixteen specimens were tt)en cut from each of the Aims and of these specimens eight were subjected 
to tt)e hydrolysis troatment of Example 1 except ttiat tfie treatment was effected for 90 hours. 

The tear strength of each of the spedmens was tfien measured following tt)e procedure of BS 2782 
^ mettled 360 8 1980 except tiiat ttie test specimens cut from the films had a lengtti of 51 mm and a width of 
7 mm and tt)e lengtiiwlse cut in ttie specimens had a lengtti of 47 mm ttius forming two "legs" on each 
specimen. The ttilckness of each specimen was measured and ttie "legs" of each specimen were clamped 
in a tensile testing machine and separated at a rate of 50 mm mln^ in order to propagate tiie cut in each 
specimen. 

^ For each specimen the ultimate tear streiigtti defined as the maximum force required to propagate a 
tear divMed by ttie specimen ttilckness, and ttie average tear strengtti defined as ttie average Ibrce 
required to propagate a tear divkjed by ti^ specimen ttUckness was measured. The tear strengttis quoted 
in table 2 are average valued determined from ttie specimens cut from each of ttie films. 
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TABLES 



Sampio 


Tear Strength Nmm"^ 


Ultimata 


AveraQe 


U 


H 


U 


H 


A 


lt}.3 


2.6 


0.1 


1.8 


B 


13.9 


2.95 


12.3 


2.2 


C 


18.4 


8.3 


167 


7.4 


D 


9.9 


1.8 


8.8 


1.3 


E 


21.4 


21.2 


18.5 


17.9 



U » unhydrolysed specimen 

H ■ specimen subjected to hydrolysis 

treatment 



20 Example 4 

The procedure of Example 3 was followed to produce films of blends of. respectively, 50g, 20g and 10 
of a copolymer of tetrafluoroethylene and CF2 = CFOCF2CF(CF3)OCF2CF2SOaF and 50g. SOg and 90g of 
the copolymer of tetrafluoroethylene and hexafluoropropylena (A. B and C). except that the copolymer 
2S containing -SOaF groups had an equivalent weight of these latter groups of 1230. Rims of the copolymer 
containing ^SOzF groups (0) and of the copolymer of tetrafluoroethylene and hexafluoropropylene (E) were 
also produced. 

Sixteen specimens were then cut from each of the films and of these specimens eight were subjected 
to the hydrolysis treatment of Example 1 except that the treatment was effected for 90 hours. 

w The tensile modulus, elongation at break, and toughness of each of the specimens was then measured 
following the procedure of BS 2782 part 3 method 328 B 1980 except that the "dumbeir shaped test 
specimens cut fn^m the films had a neck of length 22 mm and a width of S mm. The mean thickness of 
each specimen was measured and the specimens were fastened in the grips of a tensile testing machine 
and the grips separated at a rate of 50 mm/mln. 

^ The average values of elastic modulus. ek)ngation at break, and toughness of e^ch specimen, defined 
as follows, were determined 



Elastic 


Slope of the tangent to the stress-strain curve at low 


modulus 


elongations. 


(MPa)- 




Elcngation 


The elongation at break produced in the neck 


at break 


expressed as a percentage of the original neck 


(%) 


length. 


Toughness 


The area under the stress-strain curve. 


(MPa) 





Results are given in the following table 3 
U > Unhydrolysed specimen 
90 H a Specimen subjected to hydrolysis treatment 
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TABLE 3 
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70 



SampI 


Elastic Modulus 


Eongatlon at 


Touohn 


ass MPa 




MPa 


break % 








U 


H 


U 


H 


U 


H 


A 


123.6 


239.5 


270 


101 


33 


15.4 


B 


319.6 


332.1 


285 


246 


39.3 


34.1 


C 


357.7 


382.5 


284 


274 


40.6 


38,i9 


D 


Z22 


230 


270 


77 


25^ 


14.7 


E 


382 


353.4 


257 


245 


392 


372 



18 

Example s 

The procedure of Example 3 was foRowed to produce films of blends, of respectively. 75g. 60g and 50g 
of a copolymer of tetrafluoroethyfene and CF2 « CF0CF2CF(CF3)0CFaCFaS02F and 25g, 40g and 50g of 
20 the copolymer of tetrafluoroe%iene and hexafluoropropylene (A. B and C). except that the copolymer 
containing -SO2F groups had an equivalent weight of 1150, and films of the copolymer containing SOzF 
groups (0) and of the copolymer of tetrafluoroethylene and hexafluoropropylene (E). 

Each of the ffims had a thickness of approximately 100 microns. 

120 mm x 120 mm samples of each of the films were then subjected to the hydrolysis treatment of 
25 Example 1. except that the treatment was effected for 24 hours, and the hydrolysed and dried samples 
were then soaked in 322 weight % aqueous NaOH solution for 24 hours at 70* C. The dimensions of each 
of the samples was measured after the hydrolysis treatment (result X) and afiar soaking in aqueous NaOH 
solution (result Y) and in each case the percentage increase in length of one sMe of each sample when 
compared with the same side of the original sample was detennined. The results are given in Table 4. 

30 

TABLE 4 



3S 



40 



Sample 


% increase in 
length 


X 


Y 


A 


6.7 


6.3 


B 


3.3 


2.9 


C 


1.8 


0 


0 


13 


11 


E 


0 


0 



Example 6 

50 The procedure of Example 3 was followed to produce of blends, of respectively, 90g, 75g. 60g. and 50g 
of a copolymer of tetrafluoroethylene and CFj =» CF0CFaCF(CF3)0CFaCF2S02F and lOg, 25g. 40g and 
50g of the copolymer of tetrafluoroethylene and hexafluoropropylene (A, B, C and 0), except that the 
copolymer containing •S02F groups had an equivalent weight of these tatter groups of 1080. The 
polymerisation procedure of Exampie 1 was followed to produce a copolymer of tetrafluoroethylene and 

5S CFa « CF OCF2CF(CFa)OCFaCF2SOaF having an equivalent weight of 1410 (E>. 

The viscosity of each of the samples A to E and of the copolymer of equivalent weight 1080 (F). was 
determined at a temperature of 260 *C on a dynamic viscometer (Rheometrfcs Dynamic Spectrometer, 
model 7700) operating in parallel plate mode at an applied strain of 10% at an angular frequency of 
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oscillation of 0.1-500 rad s** and a shear rata of 100 8*^ 

The viscosity of each of me samples and the variation of viscosity with the proportion of copolymer of 
tetrafluoroethylene-hexafluoropropylen in the blend is illustraled in Figure 1. 

5 

Example ? 

The procedure of Example 1 was followed to produce a copolymer (A) of tetrafiuoroethylene and CF2 » 
CF^OCF^CF (CF3}OCF2CF2S02F having an equivalent weight of 1060. 

10 The procedure of Example 1 was also followed to produce a copolymer (B) of tetrafiuoroethylene and 
CF2 > CF-OCF2 CFC(CF2)OCF2 CF2 S02F having an equivalent weight of 1410. 

A blend (C) was produced from 75g of copolymer A and 25g of a tow viscosity copolymer of 
tetrafiuoroethylene- hexafluoropropylene copolymer (Teflon FEP TE 9250 made by du Pont) by processing 
the mixture in an extruder at a banrel temperature of 305* C and a die temperature of 270 * C. 

IS A blend 0 was produced from 75g of copolymer B and 25g of a low viscosity copolymer of 
tetrafluoroethylene-hexafluoropropylene copolymer (Teflon FEP TE 9250 made by c&i Pont) by processing 
the mixture in an extruder at a banel temperature of 310* C and a die temperature of 275* C. 

Each of the samples A to 0 was compression moulded into a 450 micron thick film at a temperature of 
250 * C, 270 * C, 250 * C and 300 ' C respectively, and 3 inch x 2 inch samples were cut from each film. The 

20 sample of film A was placed face to face with the sample of film 8 with a 1 Inch x 1 inch x 7 micron fllm of 
a polylmide positioned between the films at the ends thereof, and the films were pressed In a mould at 
235' C for 240 seconds under a pressure of 225 kg/cm^. these latter conditions having been found by 
experiment to give the strongest bond between the films. Application of pressure laminated films A and B 
together, except at those parts separated by polylmide fllm. 

25 The sample of film C was placed face to face with the sample of film D with a 1 Inch x 1 inch x 7 
micron film of a polylmide positioned between the films at the ends thereof, and the films were pressed in a 
mould at 250* C for 240 seconds under a pressure of 225 kg/cm^ these latter conditions having been found 
by experiment to give the strongest bond between the Alms. Application of pressure laminated films C and 
0 together, except at those parts separated by the polylmide film. 

30 Each of the samples of laminated films was then hydrolysad by Immersing the laminated films in an 
aqueous solution 11% by weight of KOH and 30% by weight of dimethylsulphoxide at 90* C ^ 1 hour, and 
the samples of laminated films were washed in water and dried and the polyimide film removed. 

The pee) strength of each of the laminated films was determined in an Instron machine at a draw speed 
of 200 mm min"'. 

35 ' The peel strength of the sample of laminated films C and D was 4.4 kg cm^ whereas that of the 
sample of laminated films A and B was 3.0 kg cm*^ 



Example 8 

40 

The procedure of Example 3 was followed to produce films of blends of, respectively, lOg and 20g of a 
copolymer of tetrafiuoroethylene and CF2 » CFOCF2CF(CF3)OCF2CF2S02F having an equivalent weight of 
1230. and 90g and 80g of a copolymer of tetrafluoropropylene and hexafluoropropylene as used in Example 
1. Each of the films (A and B respectively), and a film (Q produced by pressing a sample of the copolymer 

46 of tetrafiuoroethylene and hexafluoropropylene following the procedure described In Example 3. was 
hydrolysed following the procedure described in Example 1, except that the hydrolysis treatment was 
effected for 48 hours, and the thus treated films were washed in detonised water and heated at 80* C under 
vacuum for 3 hours to dry the films. 

The mean contact angle to deionlsed water of each of the Alms was detamnlned using the Sessile drop 

so technique. The mean contact angle of films A and B was respectively 84 and 81 degrees whereas that of 
film C was 101 degrees. 



Example 9 

Several fluoropolymer blends in ttxa fbrm of films were evaluated as Ion-exchange membranes in an 
electrolytic cell in which aqueous sodium chloride solution was electrolysed, following the procedure 
described in Bcample 2. The results of the evaluation are shown in Table 5. 
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A 140 micron thick film of blend of 50g of a 
copolymer of tetrafluoroethylene and CF, - 
CFOCF^CF (CF3)0CF,CP,S0,F having an guivalent 
weight of 1230 and SOg of a tetrafluoroethylene- 
hexafluoropropylene copolymer as used in Example 
1. The blend was produced and the film was 
hydrolysed following the procedtire described in 
Example 1* 

130 micron thick film of blend of SOg of a 
copolymer of tetrafluoroethylene and 
CF, » CF0CP,CF(CP,)0CF,CF,S0,P having an 
equivalent weight of 1150 and SOg of a 
tetrafluoroethylene- hexafluoropropylene copolymer 
as used in Example 1« The blend was produced and 
the film was hydrolysed following the procedure 
described in Example 1. 
As B above 

As B above except film had thickness of 60 
microns . 

130 micron thick film of blend of SOg of a 
copolymer of tetrafluoroethylene and CP, = 
CPOCFjCF (CP,}0CFjCP,S0aF having an equivalent 
weight of 1080 and SOg of a tetrafluoroethylene- 
hexafluoropropylene copolymer as used in Example 
1. The blend was produced and the film was 
hydrolysed following the procedure described in 
Example 1. 

As E above except that film had thickness of 60 
microns • 

A 230 micron thick film of blend of 75g of a 
copolymer of tetrafluoroethylene and CP. » 
CP0CP,CP,CF,C00CH,* having an equivalent weight of 
700 and 2Sg of a tetrafluoroethylene- 
hexaf luoropropylene copolymer as used in Example 
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H 

10 



1. Th blend was produc d and the film was 
hydrolysed following the procedur described in 
Exampl 1. 

♦Produced by cop lym risati n following 
essentially the procedure described in Example 1. 
130 micron thick film of a copolymer of 
tetrafluor ©ethylene and CP, » 
CP0CP,CP(CF3)0CF,CF,S0,F having an equivalent 
weight of 1150 produced and hydrolysed following 
,5 the procedure described in Example 1, 

X As H above. 

J 130 micron thick film of a copolymer of 

tetrafluoroethylene and CP, « CFOCP,CP(CP,)OCP, 
CPjSOjP having an equivalent weight of 1080 
produced and hydrolysed following the procedure 
described in Example 1. 
20 K As J above. 

200 micron thick film of a blend of 90g of a 
copolymer of tetrafluoroethylene and CP, = CP 
OCP, CF{CF,)OCF,CF,SO,P having an equivalent 
weight of 1210 and lOg of a copolymer of 
tetrafluoroethylene and perfluoropropyl vinyl 
ether (PPA 340 - DuPont) . 
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Claims 

1. A homogeneous blend of organic polymeric materials which comprises from 5% to 95% by weight of 
at least one fluoropolymer which contains Ion-exchange groups or groups convertible thereto and from 95% 
to 5% by weight of at least one fluoropolymer which Is substantially free of fan-exchange groups or groups 
convertible thereto. 

2. A homogeneous blend as claimed in claim 1 which is produced by melt-blending of the 
fluoropotymers. 

3. A homogeneous blend as claimed in claim 2 In which the melting points of the fluoropolymers differ 
by not more than 100 C. 

4. A homogeneous blend as claimed in any one of claims 1 to 3 in which both the fluoropolymer which 
contains Ion-exchange groups or groups convertible thereto and the fluoropolymer which is substantially 
free of ion-exchange groups or groups convertible thereto are perfluoropolymers. 

5. A homogeneous blend as claimed in any one of daims 1 to 4 in which the fluoropolymer which 
contains ion-exchange groups or groups convertible thereto comprises fixed anionic groups and associated 
cations and Is capable of acting as a cation-exchange material- 

6. A homogeneous blend as claimed In claim 5 in which the fluoropolymer comprises sulphonic. 
carboxylic or phosphonic groups. 

7. A homogeneous blend as claimed In claim 6 In which the sulphonic group has the structure -SOaX in 
which X Is OM. where M is H. alkali metal, ammonium or quaternary ammonium, or In which X Is halogen. 
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a A homogeneous blend as claimed In claim 8 in which the carboxylic groups has the structure -COY 
in which Y is OM, where M is H, aikaU metal, ammonium or quaternary ammonium, or In which Y Is halogen 
or an oxyalkyl group. 

9. A homogeneous blend as claimed In any on f claims 1 to 8 in which the fluoropolymer containing 
lon-exchango groups or groups convertJbl thereto is a copolymer of tetrafluoroethylene and an ethylenical- 
iy unsaturated monomer having the structure 

CF2 = CF-A-Z 

where A is a direct Onk or a divalent group and Z is or comprises an lon^xchange or a group convertible 
thereto. 

10. A homogeneous blend as claimed in any one of daiins 1 to 9 in which the fluoropolymer which Is 
substantially free of ion-exchange groups or groups convertible thereto is selected from fluorinated 
ethylene-propylene copolymer,a copolymer of tetrafluoroethylene and hexafluoro-propylene, polyvlnylidene 
fluoride, a copolymer of ethylene and tetrafluoroethylene, and a tetrafluoroethylene-perfluorinatsd allcyl vinyl 
etiier copolymer. 

11. A homogeneous blend as claimed in any one of claims 1 to 10 in which in the fluoropolymer 
containing ion-exchange groups or groups convertible thereto ttie said groups are present In a proportion of 
0.5 to 8 meq per gram of dry fluoropolymer. 

12. A homogeneous blend as claimed In any one of claims 1 to 11 in which In the blend ttie Ion- 
exchange groups or groups convertible ttiereto are present In a proportion of 0.5 to 5.0 meq per gram of 
dry homogeneous blend. 

13. A homogeneous blend as claimed in any one of claims 1 to 12 which comprises from 15% to 95% 
by Wight of at least one fluoropolymer which contains ion-exchange groups or groups convertible ttiereto 
and from 85% to 5% by weight of at least one fluoropolymer which is substantially free of ion-exchange 
groups or groups convertible tiiereto. 

14. A homogeneous blend as claimed in claim 13 which comprises at least 40% by weight of at least 
one fluoropolymer which contains ion-exchange groups or groups convertible thereto. 

15. A homogeneous blend as claimed in claim 14 which comprises at least 60% of at least one 
fluoropolymer which contains ion-exchange groups or groups convertible tiiereto. 

16. An ion-exchange membrane which comprises a sheet or film of a homogeneous biend as claimed In 
any one of claims 1 to 15. 

17. An ion-exchange membrane which comprises a sheet or film having a plurality of layers in which 
one or more layers comprise a homogeneous biend as claimed in any one of claims 1 to 15. 

ia An ion-exchange membrane as claimed In claim 16 in which tfie sheet of film has a thlclcness In the 
range 50 to 500 microns. 

19. An Ion-exchange membrane as claimed in claim 17 in which Uie said one or more layers have 
tiiiclmesses in the range 25 to 250 microns. 

20, An electrolytic cell which comprises at least one anode and at least one catiiode In which each 
anode and adjacent catiiode are separated by an ion-exchange membrane as claimed In any one of daims 
16 to 19. 
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